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Prefatory Note

This paper is based on an invited address given

by Dr. Paul W. Caro of HumRRO Eastern Division

(Pensacola, Fla.. Office) at the Third Flight Simu-

lation Symposium of the Royal Aeronautical Society

-in London, England, on April 8, 1976.

Dr. Caro is Manager of HumRRO's flight train.

ing research and development activities, and was one

of only two Americans to present papers at this sym-

posium on "Theory and Practice in Flight Simulation."
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SOME FACTORS INFLUENCING TRANSFER OF
SIMULATOR IRAINING

Paul W. Caro
Human Resources Reswarch Organization

INTRODUCT ION

The uses o" simulators and other trainintg deftce.. is inicreasnir ralpdly. Ono abuines
that this phenomenon is intendted to enhance the eftcti~enets aid/or tit- e'fficiency ofl
the training ptoKrams in which such devices are used, kiut the ,vriou.;ens with which
simulttor inakers; and users pursuoi this intent inight well ie que.•ionesd from hoth the
practical and scientitic points of view. Following a study of tht- u1e of wircraft simulato.,s
in soelected t.S. military and cit ilan illot tramin4 progrmms, the (.'oniptruller General of
the Uiittlled Statt's recently issuvil a report to tie ('ongrts, whwch was critical (f the
extent to which simulators aure he'iii' used in the, niitary trainin. pro.ramis %t udied il).
The report suggested that present ltiowlwhdge of simulator dL'sign and employment ik
sufficeo-it to .tupport mizuch more extensive use of simulators than %t.v. typically found to
teo the cast'. The report cites c'rttin emlot traiiini :,q;txncict. ethmci e, l to it)meploy' that
kmiowledge mbore effectively than do others. even though lthe kLutlm.,dp, is atiitajble to all.

The Comptroller General report was not, intenided ,'.4 a .ch61e1ific Study of psy
chological factors and their influences on simulator training effectiveness. Instead, it
identified factors related to the management or simulator training aid attitudes toward
sutch training whicI. tend to impede more extensive use (if simulators. Factors ide'ntified
include resgulations emphasizing aircraft rather than siniulator traininig, inadequate instruc
tor training, failure to use simulator capabilities fully, anld poor .siiilteir maintenance.
"I'e ilnfluhence of such management factors upon trainer use has heten doctunmented in the
re,,earch liIer.,tlre' ("- v. , 2.3t)_ Other f;ictt rs which have been idcent fifed a.; imtiediments to
Vftl'c \V \t, .V• im la Or 11%'t-et * iu itle it dc,,izt of tl •le t, stir il&t.rs. 1h1l'.i ,lv•,t~ hiq of Ihe trlwi.1e
programs in which the silnulators are employed (e.t , 4,j). otill other factors have been
reported which influence the acceptance of simulators by those who =tuAt use them and
thereby indirectly impede their Motor extenive list- (e,.g., 6).

Clearly, the intent of simulator users is to achieve effective, trainioug rather than

merely to en e training lyui[ment extensively. It is iossitle, however. to use ,ilmom
cxten~nively, while at tile same time to use thent inefflectively. lit one sltudy (7), for
examp~le, it was found that tile extensive uise or at particulAr (|evive added co~st. but no

training value to an already expeisive pilot training pirogram. Anolher study demon.
strated that tile training value of a device could be iwcreased substanztially without
increasing the amount of device training time involved when the iniutnet iti which it was
used was changed (8).

%'While there is a great deal of scientific amtd training literature int existence dealing

with simulator training, some of the tnore siptitfcant factors ilifluenciiig transfer of

simulator training have not received the systematic attention they warrant. The liurpose
of this paper is to call attention to certain of the factors toherved over the laist de'c.uh. to
he of significance in our 'imnulateer research and that of our lIrof'svsion•il c ,alleo•

elsewhere. 'lTh emplhnsis wilt be upon increasitig tlc eflr'ectiveies's of simulator training as
op posed ie'te'ly to incre'lsing simulator use,. While, simul.itor efl't ti'eness and1k use
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obv~iottly aug tot in It-itpetktnt (it Niauittlar 4 aiiiliuL I,,- u.;ttil etli't-4-iely vilt'., It is modt
1f~tel Or not at all), toey aifl not ;ilWtYs I-illbIictld~t jkjj simtstlatur ttv,ti:ton .indl uwri
appty.tr linaw.are lit fai tors Which, if piroperty trteated or ini.At%4-edl .uoul anmskolly-
Cji%!t111t.0 tile V.L1uw ami 41icitiLnky 0( -.1111Aiu ftFMI11r1ibniut pr1ruii ii. aautUniatif 4tunle-
quace stt~ their lack tit awmowuenu.sa thit simiulator tr~ttling tttticti.e~tess mut~rs: bukdis
u~lifti mauy lie t-ntical its -sfe otter on. tilOf an aircraft 111.1 io( int- Jkewuesoied Aircraft mnay
be ra14jULred u1%aece ailY (fr training whmnt they are tieicrl&d for Othler liulsoae; training
costs becoianoexc~ee-awv oit skinul~tor tri-aitiiig, adthetiugl It-tective, " 4xiniw~tasi in art-

ME~ASURING SIMULATOR TRAINING EFFECTIVE-NESS

lIn order to ,Idcnt:,ry factors which niltuenve simnuliktoro trurtnuig eltectiiveness. it Lt
nocemiary to measure those influences. Since sintul.tur tralminin tsffc~tiavene".a isn

intlepenmtlent of the extent to which tile device is tiset;t tit tdicaition of( wheither a fiwtor
can lip influential is to determine how inuch a muinulator training progr.un etabtitlying that
factor is used. e.g.. the elapsed time that the deviceui iin tut ie. Or lthe atumnbe of tuask
ptucticLed in it. While simulator training canmnot Ite effe'ctive it these v~dueaa equal zero.
high indicies of( use do not indicate effective binuitiltor trtatilut', Even Impro~ved plilot

p.: ,aa~wein the %.iinul~ior resu~Ltng froin kt iLaue d not ti~.wianitoweil 1wrtomiance
in the airtrAft. TlhertifOre, tueasurem inuat 1w usetl which itellect itunoveiwnents in Ilitlot
1erforniance in the aircraft. tiot how profiiewnt thle p~ilot hi'C.kinw~ it flying the stniulitor
or how touch trainuing he ret-caved it' it.

The Transfer Model

The transfer of training inomlel call ti emnployedl to de'termnine whether sinulmidtoir
trainitg lit%& uinprovedt mibisequent pilot perfornianct- intit n iricraft. 1ritufer of tralnlsamý is
a phietomenon which occurs whenever the existence oft it reviotisy learnedi Iielavior t w
skill has ant influence upon the acquisitions pe.rfornaauce, Or ideanining of is m).t'Vtt
behavior or skill. rlhus. it it behavior learneid litit doice tima an titfluence kapucat tile
subseqtuent acquisition. performanie Or relean-ning tof hlmehvior tin an atrpLane. trauisfer is
maid to have occurred.

A uitimple exp..nmental design limsed upon the' transtor Of tramiiitg tint~te involves two
proupis of trainees: anl expertmenWa groutp wvhich receives simulator tramnsog prior to
further training or performance testuing in lthe aureraft; iatl a cont~rol group which it-i-eives
all its training in the aircraft, T'hi~s design permnits ineastired dthifert-tics in Isitrforniance in

the Lurcraf I between the experimentail unit control 1ýroaalti to lit- attibthatteel to the
influence of training receivedt in the simtulator by lthe experinteat~iL group. The groulls
"fluis tie equated. of course, in terms oif relevant pirior trainitntg midt exierencet%. mnd a
nit-ans for measuring in-flight performance niust lie aivalaille.

aIMjny wwitous disiingwash btweewon bimulator. (s'g," if a higth degtevt. it-lovsatesaa4 Ioterisiot"a

equipment. . .") and training d~elei, (g* it,"... any lipe tit Appatitus~s which is uied Iss traming. .- ).
'The present writer will treat these examplestit trAinino equtipmont an mittitheir i( a smotle Ab"t To
quote (vagne (0t. p. 96). the souarce also of the asbiwe qotin, "WAh doisin1gu~tt a tisaillmg device
(from oilier training equipment) is not its apIDOaCAnICe Of 4`0e,.trucieon, lost(.110 rluessoe *nit 1,10' UAW.
puistme~s it in used." The term simulator is titiod hee. ito MitetiefY grur'i,,l b~4 tiawutal irqualeittiot used
(or tn* purpse of training pilots to fly aircraft thell equestioit if h~' it is uteit will tie s~ithtsseiitd in the.

ii .. or. as nine. protilely stated by Wenth'ou (10). the r,4fenieuitnoss tis training vitith lthe

61111atteltor.
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Other Approaches to Dwterminsoig Sairnlatus Tiatning rftectivetwiess
1Determtining the effectiveniess of stintulator trautiig can Ile a costly. tinle-Vontutunin

tUsk if in in flaght pierformance mteasuremewnt system I. ittitt r.adily available. Some
aitalyMs have attempted to conduct stnulator evaluations bty askiing jidots, inttructors,
training specitalists arld 'even students their opunions convcrving %tinulator effectiveness.
i.4- , the ' probable impact upoin student te'rformwjice of trauning in the simulator. I have
olh~ervett intantic" in wyhich surve~ys ofi plots* aiit, intitructors' opinionts yielded re'sults
(both pro and cont) unrelated to data sseubKtentill ih'tamnet tit trav-sfer studies inveivig
the device% In iquebtion. Metster. Sullivan, Thompson & Finley 1,i I) founid that such an
apiproach %lieltded different estimates of the e'(fectiueneb!- of a particular device w~here
di Iferetit inatruct or, nintde the judgmetits itwoh~eti. Instructor et aliiations of simulator
effectiventess are uiirehiabhe, probably duie to attitude'i.?o' such is those discussed byv
Miackie. et. -it. (6). as well as becausei of the inberent, ualreliability of judgments. and
should ntot hie used where much is A t akt' 81im1LILOr effect ieset's is a tuatter of trainee
mt fight performantce, not of Instructor, pilot. or trainte op'inions' about thie device and its
Probable usefulness.

Another simulator e'valuation tehnique, backwaird or Inverse tra~i~zer of training, has
been described by Adamis andi hie.Abet. 112). In a backward I raimsfe'r study, a pilot who
has, alre~idy dt'ntionstrated miabtery of in flight traiting obijectivei i.., "traniferred" to the
.tntulatiir w~hert, he' is required to perform tasks cortresponedutg tit thtose hie has maste'red
tit thte aircraft. If he' ca.n perform such tasks at ctriterion levels in the' simnulator without
piractice there, ba~ckwardl traitsfer is maid to have o.gcunel, anid thits fact is taken as
evidence t hat trantsfer tin the simulator to devitt' se'quene'e. althougih of un ki~own qjuan tity.
w~ill be' po'sitive. iThe backward tranusfe'r (it-sign should be iiae'. w-1h ciulitein for at Ieva't
three reasmils: (a) the' results abbititen (often incorrectly) that a Suitable trainming lirtorjtit
exists for the' %initiilitor; (b) eiwxerieitcet pilots alre'ady proficienti at oper-ational tasks
ek'fte'n hatve getieralized skills not postes'et'd by recent, graduate's and may be abl'e' to
transfer ito the devive bec'ause of such general tikills rather thain skills needed to pilot a
juarticular aircraft, or pierform a particular inission:- nitt) fe) the stinuilator may 1e suitably
designedt for the pierformiaince anmd e'valuation of a particuilar tiet of behavioirs but may lack
the vues e"ste'ntial to the developmenut of those blt~aviors. Whtile baiekwardl tzasisfer data
sho~u~ld l bi i e t he' nole 11ii1tetalikitt for s. mn!Aior preecuririevn't. ciii. would bie hesitant to.
use a simulator which could nout be', ope'rateil by comiuietit-1l itilots.

.leuuthe'au (t10) has described four applroachei to simulator evauuiationt: (a) conduct of
a transfer" ex~perimentt as is described above. (11) analytic Situety of the IE'Vice stud its
programin of iinstruction. (C) mw. of the device withotit expeit inental conitrols which wou~ld
permit ineoAsureme'mtt of its effectivenessb; and (d) e'omparison of various wvays of usming the
device. Thiese latter three aptlrouicbe" are app~ropriate' to assuringr thaut a1 simulator is Itsed
correctly, but lte'y do inot yield data which ch'eniistrate that pvilots %Oio are. traintted in
the' simulator are more competent tlian pilots Who are nlot So trainedl. &Imetinles such
approaches ntust Iie relied upoin for admlnuitsrative' re'asoiiis or becaiuse experime'ntal
controls inivolve unaccoptable risks (e'.g.. the e'ftectiveiies of luntar laitding simulators
could not lie determined in a study involving a no-simulator-trauninl control group).

.4The fict that simulator trainincti research cannot ailways involv'e truutifer to an aircraft,
is not itecessarily all had. Miany rerwarelt iMutes, Including issue's related to efficientI ~ ~methods of simuilator traiiting, can e'- tinve'stig~atec tit sinitlators atite latiteoratemes it)
considerable advantage. A htigher degree of conitrol cani Ie' exercised over indeptendelnt
variablesA In Suich St~uties, an~d theu Cost 'If in'r.ift OpleratiOltS canl he avoided. The chief
(Ii-R-laiitage lie's iii the resiiltiing uticertliiitty coticerninlt the effcctivetie'ss of that tr~uiimiqu
in (lhe etperatioilt~i situlation. 1Revent efforts of Matiheny (l 1:) onl pe'rve'ptuial equivalence
ma~y o'ffe'r I ite'ars of testing sintulator fetins withtout costly traitisfer suthdes.
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-\nnir of .malyt ie mtodel, iave' been tite~gsteti f or p re( Iictkiii :.hniuIlato r i'fftctive.
n x (1.1, Its i.t;. hu 1, io~~ntp of theml tze st's in to tit-votiu r till of till- fact oc 1-lie''I e d.
iilevalet.. TIhey ure u'fIill designirng simulators midI fraei nig pr 'g:raim., bit 'the y (ItsitCoL
niensu't' sunhitor etfe~ctivene-ss anid estimamtes 1. asd u tpon thnit P're subj~ect to
iinktiownt error.

I Mimis of Simulator EHectivannvss

Various formulaie have been stigiested to exprvss, sinitilator eft-ctljveriesii as a sinigle
value. Gagne. Foster & (rowley (1.8) proposed nine! stich fierniulkle, ctorrt-sponling to
d~ifferent operutions involved in dterivig the raw data, e.g., counting trials, measuring
time, or counting errors. Six formulae have been suiggested by Murdock ( 19) and five by

Kmrnerton (20), each of which dealsi with specil'ie experimental (lesigfl andt daWi
problems. An index which takes into account the aiount, or efrort involved in device
Lraining as well 93 subsequent in-flight perfortnunce, the 'l'rnnster I1,C(ectivene.-s Ratio
(TER). has been proposed by Povennuxre & Roscoe (2 1). A variationi of the TlER takes
into account the relative cost of simulator vs. aircraft training (22). Whilo all such indlices
prqvide a means for comparing simulator effectiveness, they contribute little to our
understanding of the training value of simulators. Th'Ie raw (data themiselves, it description
of circumstances under which the mewsures were made, and idlentification (of the
dep.-k-dent variables are more userul in unde'rstan-ding factoi-N in flliericiao simulator trnin.
ing. It a single index is necessaLry, it. might better be one wich ii'b rel's H~ito cost, aivings
resulting from the use of the dlevice in ni specified wity inl a particular training programn.

FACTORS INFLUENCING SIMULATOR TRAINING EFFECTIVENESS

A recent summary of simulator training studies (3I) indicated that simulAtor training
ertectiveness has increasedl markedly since WVorld War If. Somne or theit increanse can he
attributed to advances in engineering and instructional designi technlolog~ivs. Sim ulationi
engineers now have the technology available to butild sinitidators which more nevarly sntisf~y
Thornclike's common elements design hypothesis, 11nd instructional system dlesigner.; have
learned how to zero in on tasks to be trained, Bhut itoch or the increase, lins comev a)ou~t
its a result of research and experience with simulators in operational training settings.

In spite of the large number of simutlator (4ffectijve'fLs stuldies \which have been
completed, there remains much to be learied abouti train-irtil Nith these devices. lFacton,
have been nominated its in fluences upon siniulator training e'frvitiv eness, l,11t. 11111y of
those nominations have been based on in fereace rather than experimental e'viden1cO. Inl
their review of m.imulator rt.senrch, Muckler, Nygapmrd , O'Kellev an \Vdljaiaus (1130 nlottd
that many studies compound the influtence of' se~veral potential hinffuences suchi as training
progra m content, instructional techniique, and instruct or tjuail fic~aion , in to at silgle
independent variable so that the transfer effects can hte Ittxlibl~uttd only to 1 the uiqule
combination of those influences. Xven ill th f1 eV pen% men~til~j1l I a ~t invesi11a tionj whijchj
isolaite wssumed influences, the irtesults must hi! initerpreted cantiiottily becaust, theyv
address unique Lruining reqluirements and have not. l'eet rk-plicated.

The method~ological problems involved in idenltifying fact ors WhiCh in ffilence
simul~ator trnining effectiveness cannot eansily be overcome. SuispectedI hIatAors can seldom"
he e'xaminedl in isolation. it is diftficul t, for r'xamiiplc, to de-termine ex v.periinet~i hlv the
relat ive valuie of it remote instructor station vs. an oni-1 o ard oi- inl the-coc1pit sdatijon even1
if 11 Au itilbly designeld simulator were avuimliab e forthlbe reseurc Ii, lwcaust, to uise each'l
stjatiori to its hest aduvantintget woulid ntcessitate ha1ving twvo In1t' boils or t rai Cling": onet
opti noited for remote imisrtriction ; the othter tj'i.imize~i for o-hrdisrcin.The
jexpt'ri ruemt wold thl bus comiipare instructor s t iion -t ra iii ig I 'ro)grnm coi 'ma wtion s, nlot. a1



simulator design feature in isolation from other factors. The training program factor
cannot be held constant. It would be inappropriate to compare two simulator designs
using a program optimized for only one, or for neither.

The problem of generalizable results is not limited to studies involving operational
simulators. Even using equipment designed and dedicated to research, problems arise. For
example, to pursue the illustration of instructor station location described above,
simulator hardware inflexibility makes it difficult to conduct the necessary research
leading to the design of the optimum remote instructor station for experimental com.
parison with the optimally designed on-board station. Additionally, the on-board station
design which is optimum for a single seat, high performance attack aircraft simulator with
a visual display may bear little resemblance to the optimized on-board station for
undergraduate instrument training in a side-by-side seating hebcopter simulator.

Definitive data do not exist which will permit the quantification of the influence of
all factors believed to influence simulator training effectiveness. In fact, the mere
identification of most such factors rests upon inference, conjecture, and untested
hypotheses. The absence of hard data obviously cannot justify suspected factors being
ignored, however. Where inferences can be made and supported by consensus, factors
believed to influence simulator training must be taken into account by those responsible
for simulator design and use unless evidence can be assembled to refute those infererices.
It is the responsibility of the research community to undertake the systematic investiga-
tion of such factors.

The fuR!lwing discussion is intended to call attention to selected factors which
influence simulator training effectiveness. It would not be fruitful to attempt to cite all
the researchers who have contributed to the identification of such factors-those who
have contributed to the literature on physical vs. psychological variables in simulator
design, for example, are legion, as are those who have remarked upon the importance of
how the simulator is used. Review articles touching on the subject include references
no. 2, 3, 23, 24 and 25. Except where specific reference is made to a particular report,
the present writer will acknowledge responsibility for the inferences set forth herein, as
well as for the selection of factors to be discussed.

Simulator Design

There are two areas of interest with respect to the influences of simulator design
upon transfer of training: fidelity of simulation and design for training. Fidelity refers to
whether features of the aircraft and its enVironment are included in the simulator's
design, and the extent to which features which are included represent or duplicate thei.r
real world counterparts. Design for training refers to the inclusion in simulator design of
features or configurations which facilitate training but which may bear no particular
resemblance to features of the aircraft and environment being simulated.

Fidelity of simulation is often equated with physical correspondence between the
device and its real world counterpart. In their discussion of simulator design considera.
tions, however, Smode and Hall (26) emphasize instructional strategies and capabilities
and suggest that fidelity has meaning in terms of the protts and the realism necessary to
promote learning. Design characteristics, they assert, should be defined in terms of
assuring transfer of training. In other words, fidelity of simulation is a matter of the
relevance of the simulation to the training objectives, not solely a matter of physical
correspondence. This concept of fidelity accounts for the effectiveness of so-calh'd low
fidelity devices as welt as simulaors that faithfully rcproduce much of the aircraft.

Design for Training. The Smode. and Hall concept of fidelity is of particular interest
with respect to s~rnuiator features not modeled after the aircraft. These features, v.l-ivc
are concernod primarily with application of principles of learn(n to the trainig 'ess,
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tnclude freeze, adaptt~s irainia4. pumptinA ;ad t':eiz::' 5.erfut;frliait itcurdir- and
psLyh:itc, pt-r,'ormince mea.iur,.mnt, and vailous inItruvnor btatioil displays anti controls.
It it; g,.terally held that such f-altuew imprnve the co.cLtitions under which learning takes
p~W.1 aml, tlirfeiby facilitate the attaine•,t or trining olje.tiv•s. "rh,.rerore, they are
fa ctors to be considered in juiLing the fidel-ty of a ,ievice so far as training isconc,,med.

It is general practice to adopt innovative simulator desitn features such ab tho.w.
mentionied abov* on tile bNus of their apparent utility without sahjecting them to
experimental scrutiny. For example, the widely used simtdator freeze feature was
implemented because it was seen as an aid to attainingf trainring objectives and to
implementing learning concepts during the inbtructional process. Similarly. other design
decisions are made because the training objectivet and planned concepts of simulator
employment lead to the conclusion that a particular design is appropriate in preference to
others. For example, in the design of U.S. Army simulators for the Vertol CH47 and the
Bell All-I helicopters, the instructor stations were located virtually inside the cockpits of
these devices, and certain instructor dLsplays wore positioned so that they could be
viawed by both the instructor and the trainees in order to facilitate instructor-,rainee
interactions during key training activities. The training effectiveness of these features
probably will never be determined in a transfer experiment for the methodology reasons
discussed above. Analytically, they are believed to represent effective simulator designs
with respect to the Army's training program and the training objectives to be addressed.

V\.'i4j Ftdjhtv". Genemily, t.i.j v.,:ich canrut t' .L:p!ica.ed . r ,ven appruxi:nated
in a device cannot be learned there for subsequent transfer to the aircrafL Therefore, a
simulator in which more tasks characterizing flying can be performed has greater
potential training effectiveness than one in which fewer such tasks can he performed. For
example, A simulator which does not include an extra-cockpit visual display wou!d seem
to have less effectiveness potential with respect to training tasks requiring visual
references than a simulator with such a display.

There have been a number of studies in which transfer from a simulator withI a
visual display has been demonstrated. The scenes presented by some of these displays are
much simpler than scenes viewed from an aircraft. For example, savings in aircraft time
required to perform visual reference maneuvers were demonstrated in a study by
Flexman, Matheny & Brown (27) using a simulator with a visual display consisting of a
line drawing on a blackboard placed in front of the cockpit and tilted by an instructor to
change perspective as the device was maneuvered with respect to simulated ground
references. The effectiveness of other simple displays consisting of stylized grids and lines
has been demonstrated in backward transfer situations during studies of contact analog
displays developed for helicopters (28). Displacement of scene elemnents consisting only of
dots and lines was found by Thielges and Matheny (29) to provide sufficient information
f-r the performance of aircraft control tasks, although their study was not based on a
transfer model.

These studies indicated that tasks involving aircraft control in relation to extra-
cockpit visual information can be practiced effectively in simulators with very simple
visual scene displays. The displays consisted of no more than points, lines and geometric
patterns arranged in atcord with a set of mathematical relationships described by
Gibson (30). Several manufacturers currently are taking advantage of the utility of these
simple scene content design requirements by marketing displays which represent night
scenes as patterned points of light on a black field, and their displays are being used with
apparent success in commercial airlines' simulator training programs.

While the effectiveness of such simple visual displays has been demonstrated to the
extent described above, it is also noted that simulators without a visual display can be
effective in the training of visual reference flight tasks. In a study involving a helicopter
simulator without a display or any other representation of outside visual cues except the

6
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aircraft's naVigatLon anid attitude istrunments, .ad without any attention during simuL'tor
training to extra-cock'ptt '6.isuad ,ttu per w, studentU trained to fly instrument t,.ht
nmssions in the device quahfied In te aWircraft under visual conditions more rapidly than
did students not receiving the prior device trawiing (31). In a similar study using a futed
wing sinulator without ai visual display, a saving tit %i6u4 flight time requiredt to con.plett
a transition votue of ,approximately W'.- of the b'h~lted course lcn..th was
obtained (8). An unreported study by the U.S. ALr Force involving cognitive training a
simulator with no visual dtisplay demonstrated transfer to ttsual flying maneuvers such aIs
traffic patterns (32).

While it is not indicated by thewe studii-s" reults that ,,Wual displays have no training
value, it appears that many behaviors requireJ as responses to extra-cockpit visual stimuli
in the aircraft "ut be practiced-or at least approxunated-zin response to stimuli in a
simulator without an outside display. Further, cockpit histrumnenuL provide Information
about auid an analog di.play of the visual wor!d outside the cockpit, !,o a pilot flying
instruments is responding to stimuli analugous to those avaiatle to the pilot flying
visuAlly. At least some of the simulator effectiveness attributed to the simpler visual
displays probably would occur without the presence of such a display at all.

During the current review, no studies were found which unequivocably established
the effecLivent-ms of any extra-cockpit %is"uat disp'lay. While transfer studies inwolv:r. vtiujl
displays were found, only one, an exploratory study judg--d inconclusive by its
authors (33), included a control group iit which students were :aitted in the simulator
without using its display. Commerical airlines have reductd aircraft training time fol-
lowing the addition of a visuad display to ani existing -;.muvaLor, buit some if not all of the
reduction resulted from a priori judgments by government aencies and the airlines
themwlves concerning increased simulator training effectivene". Iu no cases have there
been reports of efforts to design training programs which would seek the same flight
training savings using simulators without visual displays that presumably have been
achieved using simulators with such displays.

The lack of evidence of visuzl display training effectiveness canrot be taken as
evidence of their lack of effectiveness. There is a cotisensus that they are effective, anti
data to contest that consensus tit) not exist. Ltogic:nly, it would j[ppear that an extrit-
cvcl:pit vuaud displaty is an effective w,,y to present vi.v:il information usMd in son,'e

olieration~il 1a0%s--sach .!s Lrld!ii on a carrer, i .rf.Wlin, t!t.hveri,.; cerl.:.:t ku'.i
of weapons, anti air-to-air combat. In some instances, it may be the only effective way.
In others, it may be effective, but inefficient, ltarticularly when cost is taken
into consideration.

Motion Fidelity. Not much more is known aliout the influence of motion upon
simulator training effectiveness thani about visual displays. Although motion siraulation
has represented a significant portion of the cost of simulator procurement and operation
for a number of years, the investigation of the influence of motion tulpon simulator
training cffectiueness ls been largely ignored. The first significant study invohing
simulator motion in the transfer of pilot training was reported in 1975 by Jacobs and
Roscoe (34).

The risults of the Jacobs and Roscoe study provide evidence that transfer may not
benefit from the presence of normal washout cockpit motion. fit that study, training
received in a two-axis tnormal washout motion condition, comparted with training in: the
same device without motion, resulted in non-.inificant differences in amnunt of transfer
to the aircraft for the.e two contioihns. Then- was however, significant posittve tritsfer

for both motion and no-motion conditions. SimiLur results have been ohb ttied in an
unpublished U.S4. Air Force uindergrud:itte pilot traitting, study involving a treire
sophisticated sx-axis mnotion sy'&ten, (31).
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L.11~TtL.t.' urt~tr.r 3W~ 0 1th1te are Other Nt'L41e ýme.L1 th-.t. sL, IA ' tLiv~'i-r
,..7. & r r.ýtjcie. motiott may Ile dt-'t~,rabl el in 1iint lo,.imtA For ey wivilit

V, r-. i t::~re' 'rted a slight :Ldan1t.Lg In f.:'.or o, .I tn0.'OI131n>,inu.Ar iii
(P.1 ~ L 910-13)Ut&J i LrLup duringt brief mv ttnL r I rým. lItPtneinil. t Itetotz. X to rv

!z-alti:y, pr'pthe motion 7roap tit It.., study rt'.ch.d a:)njvtt4Ait lwrtvrMaa.U1 in
li'e Inum~re iIap- ~jdly, s~igr~ftting that hlnt~a'irS 1110h i&.~~10 SU3V Prt(t..d.. Mo"e
v_ .. i!t ti' nuist. teven if not I-tore $ieftict' lzuting NASA ~ ii.~r~en(i su uu:,d
Vtj :Ge coa .ition brtween pilot performance in aum ..-rc.sft anti ti a sicau!Aot inrea.Lws

Cine a~ddtion of stmulator motion c.u"s ohere such ctws hl'p the pdoin in copisng with
a J~t amped or unstible vehicle Or 2 N.l4ggbI6 cLonLruI syvstema or under somad
ci;,u;ns(4n.-e3 .%hera the control system 6. too w~nsitt~e. Where the Am-mit is eiay to fY.
however. as is the case with the aircraft usedl in the *lcuolu and Itosum study ti~'por
Che.L,t-0e and in the Air F'orce study ('1-37), motion hlui MI. efffct. In anotheir NASA

*studý 1.17) of the efzocts of simulator motion on pdtI.. per(immnwiul of a trackmng Wak.
the reitlt~s from a moving flight simuI tor resembled tit. results from flight much Inure
th.Li did those from a znotionitsd sirmulator. fluddlebtan ind ltolfet(t3) reported that,
us.nq :iniula~ors without motion. excperienced pdot~s ..re often able ti chieve acceptablel

-r orr~anict, r'i~t ?hIr Putt.erns tit -.- flt?,! -tN-i4,o.. sr'.ow tit their p-tnnrmartce
is acatevil~ umang ai sttaiegy t4d(.~ren: . rom :,i &aL e% i.,i a 0..., i:as~'~ -er
Sutme control sirawgies may be important during in-nigit eme'rgency maneuvem where
trnife~r of training research is niot feasible, it would otppe:tr inadv isidol to eliminat~e
motion fromn all simulators until iurther inv'estigatiomn snhows the geteraliy of the .lacuns
andI Ro~.seoa findings. At the present timne, we cannot he certain of tho idAe of motion in
simulator training effecti'envss and efficiency.

Handling Characteristics. Simulators built with the techziology wailadale two' decades
a,,o ten,ýX(d to have- hfandlink characteris ties which were4 %vinetimes quite. tinlikce tiume of
an atr.rntit, anti their effctiveness was linrittcd largely by the fact fhat its~tt rsise
trainina in themi or would use them only its p~roceduresi trainers (5). Tivive were-rind s.till
are-strong pilot opinizns that a simuidtor had to "fe-l' 10,e .ui airc-raft it it were to be
effoctive. Transfer studies Of individual aircraft control il'r lteters. such m a %ttwy tit the
correspondence in stick presksures betwe.wn a device and a training aiirrAft (39) lafled to
lenti support to the pdoti' opinions. Ulhere the corr'e.pondience 1keween the 0vi e and
the aircraft is gross. however, as was found in one dlevice tit which ftansard pre-,&urt. OnI
thec whrel resuiteti in a climb configurution (40O), siun.l-ator effectivetiess undoubtedly w;1lI
suffer. Thus, rithough ini the extreme case simiulator re.,ziis. charnidemitiks unlike those.
of the aircraft can prodluce negative transfer of training. thore ii Itae evidence that the
simutlator must precisely t.'tiplicate the feM of the aircraft, ini orde'r to be cffectivt-. It is
posa;ible, however, that even minor dissimilarities tin ft-0 or te-itonse. CCoUlealzz. to the
s~ame. kinds of potential problems found in simiulati'rs without snktion. i.e., lower
correlation between simulator and flight performance, part-aularly *ewkr the inor-ý' diE fi.
cult to fly aircraft are concerned.

Our understanding of simulator design features in relation to simuUtoir trabning
effectiveness is quite Limited. It is clear that designing a simul~ator is rot entirely a matter
of duplicating an aircraift. The physical correspondence between the simulator tied the
aircraf t is probably more related to cobt, as Miller (.11) indicated alumot two "Itcrdes ago,
than to training effectiveness. If the degre of correspondence tetwvemen the ."ite and the
aircraft is relevant to the objectives of the intended training, training is thk. &imulator can
he tramde effective-ik hether it is or not iq a matter related to other fastis.
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T amluing Programs

Frel4ue~nt note has been Laken of the influenc.! upon training effectiveness of the
m~anner in wh:cli a simulator is used. Yet, the literature is full of reports of situations ini

whch th iipauicgoatrinn pr~X d1iesigni and execution seemed to be
igiiored (eg. 5). Although there is an incn-a.,ing cmph..zs~i upon effeenv~,e use of devices,
current inbiances can be cited of trainuig, programs in which si-nu"kitors are mistised or are
used inefficiently. Even in' simulAtor el,"ectiv.eiess re~search, particirpatirng instructors often
are permitted to conduct training in various non-standardi--ed ways.

It.o LbL all training program dftign ard execution variabes which potentially
uitluervce si:ncL!itor training erfectiveneftsi would be ain almost . -iem.ninable task. Any of
ire numerous textbooks on human learning will provide a boiurce for identification of
variables wh~ch influence learning and perforin~ice, e.,g., schedules of re'aforcer-entz,
mtwanirgfulness and difficulty of material to be lea-rned, size of learning block* and
know ied.,ei of resultL,. l'lexman. et al., (274) have shown how iuch variLables can he
employed to increa.,e simulator and fl;;ht training effectiveess.

The? sequet.cing of simulator andi aircraft training, tiss been sugge~sed as a factur
e. hich could influence the effectiveness of simulator training. Smode. et a!. (2) concluded
.hat the evidenice con..erning whether s-equeinc~ng is irfluential was inconclusive. Meister,
et al., (I1I) presented datA which su~ggest that switchingt troin the ýirccraaft to the simulator
rtduces performance ink the simulator on the following wu~ionis, resulting in a trai;ning
!iefficiency. While there may be soine inieaie fctbtw nth sequnete

maniner in which the dlevice is used, and the design of the dt~vie which could influerce
effectiveness, it woud appear quite likely tha~t training in ti-e zmre-raft before the full
benefit. of the sin'.' 'tur liai h Iwcn realizt-d with respect to a particular task would tend to
reduce the overall1 efFiciency of the simulator-device training program. In an unpublished
4istance wh~ch illustrates this view, a fifty training hour program in which the simulator
"was used prior to training in the aircraft became a sixty training hour program when the
sequence was changed to mix simulator and aircraft training, although other changes were
introduced concurrently which could have contributed to the resulting inefficiency.

Training program content is an, obvious influence upon simulator training
6"k~ 1:.1.1 . -: - ht sim -Wo1r u-.wd only as a procedures trainer, for example,
Ls not. tA'J ftec'iV.iy. 11 is i2sv'-'.,d n xuia tir~izinng p reseted in C~."
context of simulated mission activities, as opposed to abstract trainkig exercises, tends to
he more effective, and the literature on learning and forgetting suggests tha behavior
learned within such n meaningful context will be less quickly forgotten (42).

There -ire a number of other training program factors which influen~ce simulator
trairing efficiency and thus would lead to a higher Trlt value, although not to increAsedl
effective:vess per se. These include the amount of simulator training, the sequence in
which ins"tuction is curidu fed in the simulator, the use of individual (as oppnsed to
group) pacing4, trainring to specified criterion levels (as opposed to training for fixed time
periods), and the extent to which simulator training includes "Aks which can be learned
more erfficientldy in the aircraft. Smnode, et al., (2) pointed out a decade ago that little
was known about how to manipulate such factors to best advantage. That obseriation is
still valid.

Personnel

Simulator training involves trainees and instructors. Roth categories of personnel
represent potential infl:uence; upon effectiveness. T1he mnst ot-viously relevwit considera.
lonts ,. iihI respect to both are their qualifications anid prior experience. but occasiona.~y
othcr varianWo- --re sagIe. rexamvle, Mleister, et al. (111. found a differeiicv in 0-.e
efreLi,,n,*ss of one s~niulator tritininag prograin for student and operflional pilots %:;.
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l11w Paper m J . otilY the~ more oh ~~l.wrM-ooiii f-ittolft.
l~r~ies .U it ~~at.,41L "I hufflin h-.riiln, art-,al'e to the*ijl- .. o

t.'I leljtvd aptItUt.eto Of the- l.!.ie defined u il Ud- *:. chfaVd iii n
vof~.icienc iUns! h.,.h aptw~l nior rai. tJt 5 or~~ -. 1. !ýj

d r,- thx.a do low aptituole stu~dentfs. % htore the t-diai11i4 j rn.f iWih.sie fow f iI.I
v'( s..rnulitor trainuin,. time. high apli:udle students 'e..ir.n ?iore "Itisk ~',to.. to Cie
dareruft; where trauiu'; t.% to fixt~l 1-tHonixice let! .13it tr-Allga,, torte roU.h l ud
lo~w aptitude studentio achiteti ibout equally. hi:: tiz~h aiptitude stude.nt, rte;uxe te3.6
L'.a.nitng tkmoo in the m.inul.&tor. A measuze of simulator training efh,.,uncv ,uth a., the
TE:R will yield a higher value for .h'gh aptitude buden~i. but thi,~ does nol. on~diite that
the %.mjuljtor training procr-an is intore effective with such :,tudlents. It ui protl~ki~ly etlu~lly
rffectivo with both groups of students. but training time :n the device will lw Shurtier for
one than for the other. Thui, whole high aptitude studenti learn more efficiently.
aptitude per so is aout believedi to lie an influence upon~r seaittidur training vfledltven,4%.

The influence upon saimulator training erft,!ihe~ne~sa of lteve of trainee skill or
amnount of prior flight expenence is , frequently questioned. MAny ;.zilicary pilots, and
nuaoagers acknowledge Ihat srimulators provide appropriate, trainhing tot th%: airlines. where
the.ta~e are htnghly eopene.r'ced. but insist thai the deivees cannot No reeltt, upo~n as
0,'.zh&i~ey ta tr~u.t leb expenencet! :I._=aV **~d.": ski' iý;x~~t :i:-;% t6O
groups of trainees do differ, qu~lit~atively as' wvell as quuitztatiwily. and the tskS tro
uhich they vndleryo training are not identical. Thi'retore. the training they receivet should
not be identa;l4 if it is optimally designedl to mneet their rebpective training tieetLi. amid the
characteristics of the simulators involved in their training should Vary aS Well. It 41oel lot
follow. however. that simulator training can lie approaprvi~tely dtesigned and conducted for
onto experienc.e level trainee but no, for another. lit fact? the exermental evidencet does
no! support the c.ontention that simul~ator training effectiveness is influenced boy level of
trainiee experience in isolation from other factors. Af~ler reviewing a large nuniher of
trainsfer of training stu'lies, Nficheli (3) concluaded that fli-ht training devices aire effeetive
for both neo~phyte pilot trainees and airline pilots.

Instructors. After rt-viewing the lIteriture cn the nlight instructor. Smode. (It al. (2).
concluded that experienced pilots do not miake Ik-ttter in-fli~ght inisructors than,
L'1exprorenced pilots. The same conchisiori cani I),, extrapol~ated to %imulAtor ilaotructrlrs.
While the evidence is skimpy, it appears that even perminnel With no Pig:ht expe'rience. can
be trained to be effective simulator instructors. For examiple. in a simulator training
study comparing an instructor with setoeral thousanid hours mfhltilfy ilbitnictur-pilot
experilence, a recent flight training program gri~lutate, andl a non-rated individual iwith a
few hours dual instruction but no other ateranauh!cal eperience, rno s aaific.-nt differences
were found in the in-flight performiance of their students ( oo).

There is some evidence that not all simulLor instructors are equAlly prepared for
their job. flall, et a]. (5) surveyed a numher or military training programs asnd foind that
Pon-rateod enlisted instructors were ill prepared as compared with pilots, p;arfci&&larl.y with
respect to relevant knowledge of the aircraft. They azi:o noted that pilot were similarly
Wl prepared with respect to knowledge of the capabilities and limitation,; of the simu-
lators. Since no transfer data were reported, it cannot tw determined %hether this fag-tor
had an influence upon subsequent an-flight pea formance in favor o! either type
of instructor.

Niuckler, et al. (23) observed that in some case a simutlator insiruc:tr mmitt provide
supplemnentary information about the infl ight Uask- %hich inight not hi. available! to a
non-rated instructor. thus presumably tipping the scale in favor or pilots ts %irnu -tor
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instructors. Muckler, et al., also noted that instructor ability and fidelity of simulation
am related in such fashion that as fidelity increases, the necessary level of instructor
ability may decrease, and, conversely, as fidelity decreases, instructor ability must
increase. This relationship would tend to place the more able instructor in the lower
fidelity simulator where a greater amount of supplementary information might be
required. It h•sa been my observation that just the opposite situation often obtains. The
more experienced pilots instruct in high fidelity simulators, while less experienced and
non-rated personnel instruct in older, lower fidelity devices.

Another consideration is whether there should be one instructor or two in a
simuiator training program. That is, is simulator training effectiveness influenced by
whether the cimulator instructor is also the in-flight instructor? While this variable has
not been isolated for study, there appears to be an increase in effectiveness when a single
instructor is responsible for both simulator and aircraft training, and it has become a
3tandard feature of the simulator training programs developed by my organization.a One
apparent benefit is that the instruction given in the simulator is more compatible with
that given in the aircraft when only one instructor is involved, thus reducing anyI potential negative transfer attributable to instructor-peculiar performance requirements.

It often has been assumed that the instructor is an important factor influencing
training effectiveness, and such may well be the case. If so, the influence must be
attributable to the manner in which the instructor functions, i.e., to non-stanldardization
in his administration of the training program. There is insufficient evidence available at

this time to attribute the assumed influence to instructor experience or qualification per
se--assuming he has undergone an instructor training program appropriate to the instruc-
tional task at hand.

Attitudes

While the influence of simulator design upon simulator training effectiveness may
not always be clear, simulator design has an impact upon instructors and trainees,
reflected in their a&titudes, which in turn has a large influence upon simulator training
effectiveness. Flexman described this impact as follows (quoted in 23, p. 69): "Fidelity of
simulation can operate as a motivational variable. If the simulator looks, acts, feels and
so--ds lih- iip airp!iie, then the trr.ineu is more likely to be convinced that practice in

I the device %vill be beneficial to him." In circular lifshion, attitudes also influence
simulator design. WiUiges, et al. (25) noted this phenomenon when they stated that
decisions to include complex and expensive motion systems in simulators are invariably

determined by pilots' attitudes. It has been my observation that fidelity of simulation has
R greater impact upon the attitude of the simulator instructor, particularly if he is a pilot,
than it has upon the trainee, and, in turn, instructor attitudes concerning simulator
training can determine trainee attitudes.

The most direct effect of trainee and instructor attitude upon simulator training
effectivenoss is probably upon their willingness to engage in simulator training in the first

place. That is, devices which are viewed favorably seem to be used more than those
which are viewed less favorably. If the addition of a motion system or visual display to a
simulator will result in favorable trainee and instructor attitudes toward simulator training
and hence greater utilization of the device, it is possible that more effective simulator
training will result from the greater utilization, evcn though the motion and visual per se
may contribute nothing directly to transfer.

aThte siý,jn. initnru'tor concept h.a h.'en u'wd eltewhere at Ih.',ist early as the W 1940t (44).
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It ti~ea~ lit niWAke to atirtbi~t~t .111 1.1vtovail'e .1Itttilde': Loo*.agJ s~wiLusi r Ititivein
Ito high hiledy. *There' are 4-Alde.edvly e UeikIt-cLV% dqil 0. w11161 are Vie~wit'd (.1vics.ibly bly
Inaliiy trailcew',w tiuld i11trutkir 4'lcI .&litl ,iceUA N01611t~i~hiu Atte~l diivu'e~a h~ti~e ti-041 12,irl
%1ýtcieavatly It% mmle' otil ti ne. p%-%w~~e..t h,~ i %ett-it~t Li%etl %cWlwA t ilt-~4  11-4 Att I. i t X y
its, met m.erutne'nt traitter ttor .a ittiieilt*r tie )tr %%..U ,i~ 't4et Ily J thevtII~e' uko~rmi ton~..
,n~eItee'ed toy tletht arctruc tcrse, motld escribetl %.iriiieby .1, at liewe, mied ua .ul atit Iy
A A~udy o( Iih* eff~ect'ivoee1 tf tria.uing cileicdtite l it tlilt- dei~t't'i Wam, tesb.~ccgtiu~a
WA.IN . loom (7CI

Ex~e~pt tit the exen thita favisrabhi .%ttittith-a Iweawi.,*i tle~viemui thle t-16.'"ti of
itutitud.1 uponm bIinulstor trainingA apphear it) liee Isrcr~'ticay lil. lit a %Itutv wncta ed111 liy
hNtiatkIfe., et, at. ('-3), tigaitivio attitude. toward a Ititmuet were~ mdcv laeiA n att eitpe~rittiaeistt
kjoup boy btress&ils the ieluvues' low fidelity, uhtel. Icee1.41vo Attittit"c were. 11ii.IceiI 144
anwher gtoup ity srom~ing the .asite devices~ trainacig e't ieee. hianai trwt!fe~r trials

ut the datireratt, boith groups were (owuid it) htave tcietefitlei. 44t14it VqUally, (Wcmi thie- 4,10Viie'
Wimmiu'.g thus idicating that the inditueed riefative' Mtittute did loot Affect devitve trauum.ing
effet-tivone%.s. Art intervitctog aspect to( that %tutly %%ai that. the negaiave AttUkiae g~roup
retqitreil mome traicning in the device to reach critterion, -. t float the TFIt value. hack that
ntrAiunow of effectivenessbe ro lc.ei: if, woculd have. beets greatitr focr the l(rinibtve
attitude' goup.

No trallsh'r study wV:1t Gitin~d dlutr-ý thit vttrrettt .iwlttchi tuuihatt-d th.it atttitda
li~ et ad Vaat a factor intluenoeang ziintiilatr Oneitee..la thtt laisatat to(iy twuvi expjeri-

oe.it appears that just thie re~verse maiy lit, the vasce: simuilatort Ifiruili efftectve~nems
mtfluences. attitudes towarod bitnulaitur training. I have o~wcenuI abrulot sAilitt U1 attituades.s
"~ tteu4ly among uistrauctors andl traininig lirtgratoiti nwiagirs. following titcuertecwo
simulato: effectivenowu. lit ono %nt3-w.,ItTUct%- tii' vy 110gltALW AttaIateS teWAIrd
rov.d.tle~ed saii Paper mockups of to cockpit bet-aint favoratolo whent theysl' dwtvereil that,
unknowin tio then%. thwir better students were. usitig theise' *ttavicel" dtin their owrva In A
study reported by Meyer, et ait. ( 1), 1tatecL. ibjotftliiiili Iaiiuietlili~g Sivindietiir trwaieittg wýeree
foundi t..e tie more favoirable' G4, Rowaing their le.utiviplik tito tilta effective' ijoulaniter Itatnumi
progri a thaoti wpm'te i. opiinion~.lo nof piui ciartceclng pihltit.

In suuito of a lac'k tit stileiicrting rt-etaarch t'%ideroce,' there? iii a cnletm minnng
trainvee,, inbtructors anetl flluntta o ustbitfmiiabel ee at tat deoo teiwiard sansutdaler training
imcreaso training effeteitveneus. This prtuhabily is vitriceet Iia tile esile' thmt snre. ex'esl'ive
uie will bie mtade to( simulators at they are vi,'we'l faivieritily. It itiy lbe, however, tliat
Attiatudes. are ilnfolueced more by cicitailattor trauuguuiug vt(tutVre%.ne.'ca thatt the. oither way
arotiand. A we'll conducted *'test" ato the. traaing ftiectut e'nee (it a sijaualaim a iy Ile a
vey infludintiaI factor in aisuirng that its traminiig value.- %vill lie. re'alized.

Expectations

Many aviators aacce'pt the lordwl1.,%I iec~~oa that trnameatg tII a "enuni e'tir Iniihlt lot' helpful
bunt view it at. les efftctive. than training Ili tilt ait-iraft, It ha Kii toi y 4eoipeflItottti thAt
stnimlator, training admininstered untler the' ctinutrl tfiii sith cmnevnidu4 ie~vew emicee'iI their
t'%pectdtions. It simulators ame viewed jet tuseful only %,i giroe'ihresu tr~Anem ti t u n-itru-
nmert trairter, they tenud tom tipe tim'e otity avi piac..etlure'e tir intitruamoent Iratioe'rs i enen
though the samte devirvit, might be' uwed more' affi-vte~ly fly tethers wtrnii cae~w then% at
offe'ring a greater range of training 6 jiptirt unitie~s. If D-i tiltatotit aire 0~ftw " Itsneful orily
for the initial stages of the eleve'Iacpmvrt Atf it pitiic taiila allti he fWAtkwett Ivy further
de~ve'Iapm.'nt of that skill in the' tirtcraft, samaittlator trutieil: vi less efferive' than if thlce
are viewed an suibstitutes for the oircrtaft tit ti' Well I'M tii lit' th-VA4le"iiiuit' 3i a Ilat1Clcair
skill to criteritin boofore transfeomngl it) the niteratft Wfitc' simnuliAtor training may niot
aulnayi provo as e'ffoctivo as mmili might expcect. ex.ieectit ioll$ ,c1t1'air lti IAAc a limit upacati
re'alated Mffctiveneosso by lim~iting the' anuaner antd .'ae'mit tor %mi~alAIMtor haaig.
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lFi'ectatioiis c~an iiifluontv sim~ulator train~ing effectiv~eness iii mtore subtle watys a~s
well. T'he' vxpecttation that it iiinulliikr training lirograin will p~ruvt- ineffiective vanl
influence its i-viouitton it, the e'xpoctvd thirt'ction. lHissarch by ltosenthal (45) has shown
that, even with no intention It.do (10 , an expe~rillenter influences Lthe outcomne of his
iresearch in the direction of his expectations. Since nialy "tests' of the' eftectivenem of
simulator trinintg are conduc'ted by pilot3s who hohl utrong views concerning the value of
sinmulator vs. aircraft training, we must assunie that their expectations can and somnetimes
do~ inifue'ntv the tnit data. In th~os instance& in whit-h there is real or pierceived pressure
fromn a hilther authority to roach a particular finding concerning the utility of a particula~r
simulator, the effect might heo even proater.

rhere is an almiost infinite numher of factors which might shape expectations
ovncvrning simulAtor training orfoctivont-,i. Ani obvious Ccector is prior experience with
simulator training. The morm favorable opinions of piloLi toward simulators following
participation tin ant effective simiulator training protiram were. noted above. Another factor
may he their age. Smode. tit al. (2), noted that older pilots tond to make poorer flight
instructors, possibly lecnuse of it hesitancy to adopt new teaching methods such as the
us-e of %imulatioti. Total flight time is prubalihly idso a' factor, since the older, mo.re
vxperience*d pilots are inore likely to have' had uns.atisfactory experiences with old
9simulators anti typically put greater confide'nce' in, ini-flight training.

INCIIEASING SIMULATOR TRAINING EFFECTIVENESS

It iA unlikely that the effoctivotnem of any simulator trnhtining program can be
attributed to a single influence. Instead, all the factors dliscuiss~ed above, aid probably
minny more subtle one4, act in comibinationi tot peroduce effective simulator training. Even
factors wivhch inay not be thought influential in isolation maiy serve ats cutalysta. Effective
simtulator training doipends upon a piropier comnbination of hardwtre', lproigrar, personnel,
anti other factor%.

Although progress htax been'e madel over tht, four de'cndes since E~dwin Link
introduced his first instrumient flight tritiner, thero' is still ail elptitent of uncertainty
involve'd in the de'sispi and u.-A of simulators In moweting training oblje'ctives. Wheaton anti
Nmcr.hwi'I~ ( 11e. ý%otv'il tha~t e.dunte: lj' riWls ecet t'''cc 11n:1. ,i 11;
tA-chnicians, mid be'cause of the informlal nature (if 1h lie' thiods they uise, it. is difficult to
reproduce their resulu; or tit train othersm tot produce' effective drvitvs. 'riie same comment
tnn hbe appliedl to trnining progrccfl dehvolcpe'r, perluips to an evenc greatter degree. There
Are artisans who devise' effective' wayti o( uini'tcc smiluelators, even apparenltly poorly
destigneid -imuclitors,e but tlie',e artisan~s linve not L'econu eit.ih~ly inecesec training o~thers
to produce effoctive' simulator training programs~ (oaversely, it. van bv' noettel that others
have produced preit'e'ius little tii t he waty of ictlective'n"es*'vene though working with
costly simulators of apparprntly e'xce'lenit de'sign.

Whilts siimuclator training art~isanis caun sometinies l'rodeie'e spectacular results, therr are
too few such inudividuals to deve'lop andi contintitsly upludate 0ll of lthe simnulator training
pronigrein reqtuiired bty inilitilry aind civihecmi pilot training e'stalilishiumeeub eunld operationlal
units. I'lip prtst'nt pauper wits votivctivedc iias at nttempt to highlight sonme conside'rations
which, if attendedi to, neught. lead to int-ru'eae's in s~imeulatoer training effective'ness. it. may
haive thtat c ffect, ill Some' 111staneee, b'ut I :-ae wet votivinced thnt. ouir p1 ,enet (lmea ba~se iq
Pufficle'nt to t hat objective..

('learly, mcore nwrc'eix.h is ivedvtle to iueeree~se' cour euntirt-iandint: of facto'rs influencing
0iwuculator t raining effilctive'ewss. Huto 11 -. cecuptimcc fi aenework which could manke t1he'
condut.e oif Iii t rc'seaurch meote e'fficien~t oned relevaint to gvene'ral iniN.-, proble'n sohectkim- is

lack injo. l~eenuese (if (t% bus hciI tralims esp o ic-111c1 hhta hve' cm1o thee'eret thM~y nccePheluleeh.,i
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o tit it idt Iots I, t I a tiailtg rli tuf- otI effect ive .11d Itletled t~w oi ie. Mos jpuhli~t.,14d

ticNlgil IllodeI, and thle resuIL'i. Often it [tit mxtion I , not Included i I it, ithexlitt ol
otlen.vitie Availablo about the %imulator's demign, tit heway it wvas used,111. 1the ttid.-S andt
vx )P4ctatiuix of the personnel invoilved, and oth~er tav'tolr. Whic'h siouht hie tif interest to
someone tring to ajpply the litudy'i results to mteet olleratkuoual trainling lvqu irelliv tts.
There iteeds to be muvh utore einphiaais uponi how tht' xIV'IItVA tCSdItS we're itshIieved.

Attempts to apply rissearch rvsults ill t1h0 4,1054411 (If stuilaturs and tr"111111g Programs
tire WImportant, but greater Ilenefit %-an hie derived f-rom study tif exisutilig d.'victs andt
I)Mgram* to lOCate features which canl twe adopted tit niew simulator training prograins
undler development. The most useful umodel to fodhiw in flt., development. ot ef(fective
simulator training is that providedt Uy tin existuig application, mtiuod(iv' to inicorporalte
features from other such models as& seems appropriate.

The simulator training Iimetitioniers and resoarcliers alike noed imore xtme studyI xipvorts or simtulator training applications. Such case s~uites would serve two p~urpo ses:
th,' 1i 1it Jrimide modet-I to lie folotted inl otlivr ill ;1likIoml n'n.11a they wot'ld I rvent

dt'.itii data oti ch couud then lie asseliahled Muid si lu it in ek)ort to detVhyt-l'~ jua

niodels for fuiturts applications and to guidle research.
While I do not mtean to relegate re-search to at lexer position oft mlkiprttuivet il otir

efforts ito increase simulutfor training effectivextess, I ftwl that, thepre timos~ ito lie mtore
entjphasus at the present time upon gatherinig data aihotitt t-.si.%g sutuitlators and tratining
prngrams to thiat a better conceptual framtework coitlit- ideveloped for huch it-t'archl. Our
theories need to rest uplion a broader datli base- data \0telue isi derivabhle froiti pii~kpqlt
aliplivathions. At the present time, there tivedus to lit, moit uzw oft the st-ienttific method
called naturalibtic ob~servition so that a liroader dtatat Kuw ciln lie developted. Verhapls the
first step is to recogniize it ned for better counnitinamonig pirtctitioners mid
researchers about the n~ature of effective silliulator tramtiutuuý Suchi a step coutld lead to
liucreamed suimulator training a'ife'ctiveitess through gicater faminliarity Nvith flthe piovesies
itiiolvett in simulator training.

14



REFERENCES

1. COMPTROLLER GENERAL OF THE UNITED STATES. Department of Defens
Use of Flight Simulators-Accomplishments, Problems, and Possible Savings. Govern.
ment Printing Office GAO Code 952050, Washington, D.C., 1975.

2. SMODE, A.F., HALL, E.R. and MEYER, D.E. An Assessment of Research Relevant
to Pilot Training. Aerospace Medical Research Laboratories Technical Report
AMRL-TR-66-196, Wright-Patterson Air Force Blse, OH, 1967.

3. MICHELI, G. Analysis of the Transfer of Training, Substitution and Fidelity of
Simulation of Training Equipment. Naval Training Equipment Center TAEG
Report 2, Orlando, FL, 1972.

4. iM1EYER, D.E., FLEXMAN, R.E., VAN GUNDY. E.A., KILLIAN, D.C. and
LANAHAN, C.J. A Study of Simulator Capabilities in an Operational Training Pro.
gram. Aerospace Medical Research Laboratories Technical Report AMRL-TR-67.14,
Wright-Patterson Air Force Base, OH, 1967.

5. HALL, E.R., PARKER, J.F. Jr. and MEYER, l).E. A Study of Air Force Flight
Simulator Programs. Aerospace Medical Research Laboratories Technical Report
AMRL-TR-67-111, Wright-Patterson Air Force Base, OH, 1967.

6. MACKIE, R.R., KELLEY, G.R., MOE, G.L. and MECHERIKOFF, J. Factors Leading
to the Acceptance or Rejection of Training Devices. Naval Training Equipment
Center Technical Report NAVTRAEQUIPCEN 70.C-0276-1, Orlando, FL, 1972.

7. ISLEY, R.N., CARO, P.W. and JOLLEY, 0.11. Evaluation of Synthetic Instrument
Flight Training in the Officer-Warrant Officer Rotary Wing Aviator Course. Human
Resourctis Resesrch Orpaniziltion "1'-chnical l eport 68-14, Alexandria, VA, 1968.

8. CARO, P.W., ISLEY, R.N. and JOLLEY, 0.13. Rewarch on Synthetic Training:
Device Evaluation and Training Program Development. Human Resources Research
Organization Technical Report 73-20, Alexnndria, VA, 1973.

9. GAGNE, R.M. Training Devices and Simulators: Some Research Issues. American
Psychologist. Vol. 9, No. 3, p. 159, March 1954.

10. JEANTHEAU, G.G. Handbook for Trainitig Systems Evaluation. Naval Training
Device Center Technical Report NAVTRADEVCEN 66-C-01 13-2, Orlando, FL, 1971.

11. MEISTER, D., SULLIVAN, D.J., THOMPSON, E.A. and FINLEY, D.L. .Training
Effectiveness Evaluation of Naval Training Delvices Part II. A Study of Device 2F66A

(S-2E Trainer) Effectiveness. Naval Training Device Center Technical Report
NAVTRADEVCEN 69-C-0332-2, Orlando, FL. 1971.

12. ADAMS, J.A. and McABEE, W.1I. A Program fur a ltirctional Evaluation of the
GAM-83 Melpar Trainer. Air Proving Grouid C'ntcr Report APGC-TN-61-41, Eglin

Air Force Base, FL, 1961.

1 ', i



r!
1 .. MATI'IIENY, W.G. 'l'rainiiug Simulator ('11ara'cto'rnti3', llt-searh Prohtv'n,, Ml.oith

aond Perlormatite Moiuretnent. In Aircrew I',rformaiuce in Ai niV Avi.-\ iin. IU.S.
Army Offi'e nf the ('bier It Reboarch, l)Devs-lollmnl! andl Acqjuisith1)1, \V'1A.ishi!toin,

D.C., 1974.

1,1. CARO, PW. Itquipment-Devict, Tibk Comniiainoialty Alh•dysis and Trunshtr of "I'lining.
II unurn Rtsources Research Organization Ttochnic'al Report 70-7, Alcximndria,
VA, 1970.

15. GAGNE, R.M.. BAKER, K.E. and FOSTER, I1. On tle Relation Betwetnmi Similarity
and Transfer of Training In the Learning of D)iscriminative Motor Tasks. SBiai I
Devices Center Technical Report SDC 3.6-1-5, U.S. Navy Office or NaaJid Rpqoarch,
Washington, D.C.. 1949.

16. OSGOOD, CE. Method and Theory in Experimental Psychology. Oxford University
Press, Now York, 1953.

17. MIRABELLA, A. and WHEATON, G. Prediction of Training Device Effectiveness
firom Quantitative Task Indices. In Proceeding of the Sixth Naval Training Equip.
ment Center and Industry Conference. Naval Training Equipment Center Report
NAVTRAEQUIPCEN IH-226, Orlando, FL, 1973.

IS. G(ACNE, R.M., FOSTER, ti. and CROWLEY, .. ."I'he Mva.Nut,.nient of 'l'Tiins.fer of
Training, U.S. Naval Medical Research Laboratory Report No. 3388, New london,
CT. 1947.

19. MURDOCK, R.B. Jr. Transfer Designs and Formulas. Psyehological Blulletin. Vol. 54,
p. 313, 1957.

20. IIAMMERTON. M. Measures for the Efficiency of Simulators as Traitting Devices.
Frgonomics. Vol. 10, p. 63, 1967.

2t. POVENMIRE, H.K. and ROSCOE, S.N. An Fv:duation of Ground-based Flight
Trainers in Routine Primary Flight Training. llunman Factors. Vol. 13, p. 109, 1971.

22. ROSCOE, S.N. A Little More on Incremental Transfer Effectivene%.. llutniul Factors,
Vol. 14, p. 363, 1973.

23. NIUCKLER, F.A., NYGAARD, J.E., O'KELI.Y, 1.1. amtl \VILLIANMS. A C. Jr.
Psychological Variables in the Design of Flight Suiulators for Training. Aerospace
Medical Laboratory Technical Report WADC 56-369, %Vriglht Patterson Air Force
Base, OH, 1959.

24. VALVERDE, H.11. Flight Simulators: A Review of tlt, Researh and l ,v.hlopinent.
Aerospace Medical Research Laboratory Technical Rhport A;MlL-'I'R-68-97, Wright-
Patterson Air Force Base, OH, July 1968.

25. \VILLIGES, B.H., ROSCOE, S.N. and \VILLIGES, R.C. Synthetic Flight Training
Revisited. Human Factors. Vol. 15. p. 543, 1973.

26. SMODE, A.F. and HALL, E.R. Translating Information Rtequirements into Training
Device Fidelity Requirements. In Proceedings Human Factors Society 19th Annual
Meeting. Human Factors Society, Santa Monica, CA, 1975.

27. FLEXMAN, R.E', MATHENY, W.G. and BROWN, E.G. vailuation of the School
Link and SpeciiMl Methods of Instruction in a Ten.hour P'rivathe Pilot I'iilit-.l'raining
Program. University of Illinois Aeronautics Bulletin No. 8, Urhn•a, IL., 19,50.



28. [)OUGIIERTY, D.J. Fina Teechnical Report, JANAIR Contract 4429(00). Bell Heli.
copter Company, Joint Army and Naiy Aircraft Instrumentation Research (JANAIK)
Technical Report No. D288-100-001, Fort Worth, TX, 1966.

29. rIIIELGES, J.R. and MATHENY, E.G. Analysis of Visual Discriminations in lieli.
copter Control. Human Resources Research Organization Technical Report 71.13,
Alexandria, VA, 1971.

30. GIBSON, J.J. The Perception of the Visual World. Houghton Mifl.in Co., New
York, 1950.

31. CARO, P.W., ISLEY, R.N. and JOLLEY, 0.11. Mission Suitability Testing of an
Aircraft Simulator. Human Resources Reearch Organization Technical Report 75-12,
Alexandria, VA, June 1975.

32. Personal Communication, Technical Director, U.S. Air Force Human Resources
Laboratory--Flying Training, January 26, 1976.

33. YOUNG, L.L., Jensen, R.S. and TREICIIEL, C.W. Uses of a Visual Landing Systam
in Primary Flight Training, University of Illinois Aviation Research Laboratory
Technical Report ARL-73-26/AFOSR 73-17, &Sveoy, IL, 1973.

34. JACOBS, R.S. and ROSCOE, S.N. Simulator Cockpit Motion and the Transfer of
Initial Flight Training. In Proceedings 'Ilumi•u Factors Society 19th Annual Meeting.
Hluman Factors Society, Santa Monica, CA, 1975.

35. FEDDERSON, W.E. The Role of Motion Information and its Conbibution to
Simulation Validity. Bell Hlelicopter Company Technical Data Report No.
D228-429-001, Fort Worth, TX, 1962.

36. RATHERT, G.A. Jr., CREER, II.Y. and SADOFF, M. The ULke of Piloted Flight
Simulators in General Rteearch. Advisory Group for Aeronautical Research and
Development, North Atlantic Treaty Organization Report 365, Paris, France, 1961.

37. DOUVILLIER, 3.0. Jr., TURNER, IL.L,., McLEAN, J.D. and HIEINLE, D.R. Effects
of Flight SimulAtor Motion on Pilots' Performance of Tracking Tasks. National
At-i-onautics miin Spiwe Adirinkt:aic;Il Note NzA tA-TN-D-1) 43, WYasliirngvnc,
D.C', 1960.

38 IRIDI)LESTON, II.F. and ROLFE, J.S. Behavioral Factors Influencing the Use of
Flight Simulator for Training. Applied Ergonomics, Vol. 2.3, p. 141, 1971.

39. MATIIENY, W.G., WILLIAMS, A.C. Jr., DoluGI1IIrY, D.J. and HIASLER, S.G. The
Effect of Varying Control Forces in the P-I Trainer upon Transfer of Training to the
T-6 Aircraft. H-uman Resources Research Center Technical Report HRRC-TR-53-31,
Goodfellow Air Force Base, TX, 1953.

40. U.S. ARMY AVIATION TEST BOARD. Military Potential Test of Fixed Wing Basic
Instrument Trainer 2-B-12A. U.S. Army Aviation Test Board Report of 'rest
LJSATECOM Project No. 4.3-5150-01-9, Ft. RIucker, Al., 1963.

41. MILLER, ll.B. Psychologicol COnsider:atimns in the Design of Training Equipment.
Wright Air Development Center 'l'echni'al Report VAI)C TR-54.563, Wrtlht-
P1atterson Air Force Base., Oil, Decemtwr 1954.

42. .1ENKINS, .1.3. Ilememher tha:t Old Theory of Memory? Well Forget It! American
Psycliolotist. Vol. 29. 1 7M5, 197.1.

1,!.



i

-13. CARO, P.W., ISLEY, R..N. and JOLLEY, O.i-f'hv ('-ptive Helicopter as u Training
Device: Experimenbil Evaluation of a Concept. Human Iteources Research Organiza.
tion Technical Report 68.9, Alexandria. VA, 1968.

44. WILLIAMS, A.C. Jr. and FLEXMAN, R.E. Evaluation of the School Link As an Aid
in Primary Flight Instruction. University of Illinois Institute of Aviation Aeronautical
Bulletin No. 5, Savoy, IL, 1949.

45. ROSENTHAL, R. Unintended Communication of Interpersonal Expectations.
American Behavioral Scientist. Vol. 10, p. 24, 1967.

46. WHEATON, G.R. and MIRABELLA, A. Quantitative Task Analysis and the Pre-
diction of Training Device Effectiveness. In Proceedings of the Fifth Naval Training
Device Center and Industry Conference. Naval Training Equipment Center Report
IH-206, Orlando, FL, 1972.

isi

18

L


